show an array of bioactivities, such as inhibition of ser, cys, and HIV-I proteases. 10 They also find synthetic applications as b-amino acid precursors and in the synthesis of short peptide segments. 20 The N b -Fmoc amino alkyl isonitriles when used in MCRs would increase the diversity of products than what can be obtained through classical isonitriles of the type CN-CHR-COOY described by Ugi et al. 4a In this regard, we have initiated synthetic studies on the application of these isonitriles in MCRs to generate a new class of peptidomimetics. The work described herein illustrates the preparation of b-lactam-linked peptidomimetics through Ugi fourcenter three-component reaction 
alkyl isonitriles, L-aspartic acid a-methyl ester/peptide esters, and aldehydes. The reaction also represents a simple method to insert b-lactam units into the peptide backbone. A probable accepted mechanism for the formation of b-lactam derivatives is represented in Scheme 1. Condensation of b-amino acid with appropriate aldehyde affords protonated Schiff's base, which reacts with an isonitrile to generate an oxazepinone intermediate. The latter would be transferred to b-lactam derivative through intramolecular N,O-acyl migration (Scheme 1).
In the first part of our work, N b -Fmoc-amino alkyl isonitriles 2, the key intermediates for the proposed reaction were prepared following the reported procedure. In brief, N b -Fmoc-amino alkyl isocyanates (obtained from N b -Fmoc-amino acids) were directly formulated by treating with formic acid under DMAP catalyzed Goldsmith-Wick condition with 98% formic acid and the resulting formamides were reacted with Burgess reagent under neutral condition. All the isonitriles were obtained in good yield with the retention of chiral integrity (Scheme 2).
In the next part, syntheses of different b-amino acid components 1 required for Ugi multi component condensation were undertaken. Starting with Z-Asp(b-OBn)-OH, employing standard peptide coupling protocols, several di and tripeptide methyl esters were prepared. After removal of Z and benzyl esters of Asp residue under catalytic hydrogenolysis (Pd/C, H 2 ), the required H-Asp-XaaOMe derivatives were obtained in good yield. 21, 22 Having the key reactants in hand, we focused on the assembly of b-lactam derived peptidomimetics. In a typical reaction a solution of N b -Fmoc-Ala-w[CH 2 NC] 2b in methanol was stirred with equimolar quantity of benzaldehyde and H-Asp-OMe 1a at rt. 23 After 24 h, almost complete consumption of the isonitrile was observed as analyzed by TLC (Scheme 3). Removal of the solvent followed by a simple work-up afforded the desired product in satisfactory yield. Column chromatographic separation (silica gel 100-200 mesh; EtOAc: n-hexane-8:2) afforded the pure compound 3b as solid in 78% yield. As expected, the chiral HPLC analysis of the crude reaction mixture had two peaks corresponding to the two diastereomeric products in the ratio 96:4, 24 however, no attempts were made to separate the isomers. 25 Further, to explore the efficiency and scope of the present protocol, a series of b-lactam derivatives were prepared by varying the isonitriles derived from N b -Fmoc-amino acids and aldehyde components (3a-j) keeping H-Asp-OMe as a common reactant. 26 All the reactions were complete with in 24-28 h under rt, resulting in the b-lactam derivatives in moderate to good yield with diastereomeric ratio varying from 100:0 to 85:15 (Table 1) . It is known from the literature, a good diastereoselectivity is achieved during b-lactam synthesis through Ugi 4C-3CR due to the formation of seven membered oxapinone intermediate. Further, an attempt to decrease the reaction time and to improve the yields of the Ugi adducts was undertaken with compound N b -Fmoc-Phe-w[CH 2 NC] 2c as the model reactant. The reaction was also carried out at reflux for 8-10 h or ultrasonication at 80°C for 7-9 h during which complete disappearance of the isonitrile was observed, but these conditions did not improve the yield significantly or the diastereoselectivity. Hence, mild conditions were eventually chosen to synthesize title molecules (Scheme 3). Isonitriles derived from several side chain functionalized amino acids viz Fmoc-Ser(OBn)-OH, Fmoc-Asp(b-OBn)-OH, Fmoc-Lys(Z)-OH were also used in the reaction and the products were obtained in good yield without the formation of byproducts.
Encouraged by these results, additional set of peptidomimetics 3i-m, bearing endo-b-lactam units were prepared by utilizing peptide esters with N-terminal Asp residue 1b-e. Ugi reaction was carried out by varying all the three components. Compared to the reactions involving 1a as b-amino acid component, those involving 1b-e were sluggish and even after running the reaction to 48 h, only moderate yields were obtained (Fig. 2) . 27 All the compounds were isolated as stable ones and characterized through IR, mass, 5H), 5.81 (s, br, 1H), 1H), 1H), 3.56 (s, 3H), 3.46 (dd, 1H, J = 2.8, 7.1 Hz), 3.15 (dd, 1H, J = 3.6, 8.2 Hz) , 2.78 (dd, 1H, J = 4.9, 9.1 Hz), 2.49 (dd, 1H, J = 2.5, 8.6 Hz), 2.13 (s, br, 2H); 13 C NMR (CDCl 3 , 100 MHz) d 176. 3, 171.3, 171.2, 136.5, 129.0, 128.7, 127.5, 127.1, 126.0, 52.8, 51.2, 48.5, 42.4, 36.5 was dissolved in anhydrous THF and ethereal solution of diazomethane (3.0 mmol, 305 mg) was added at 0°C. The mixture was stirred for about 3 h until the completion of the reaction. Solvent was then evaporated in vacuo and the residue was dissolved in CH 2 Cl 2 . The organic layer was washed with 5% Na 2 CO 3 (10 mL, two times), 10% citric acid (10 mL, two times), water (10 mL, two times) and brine (10 mL), and dried over anhydrous sodium sulfate. CH 2 Cl 2 was removed under reduced pressure to obtain the corresponding methyl ester as white solid almost quantitatively. The resulted methyl ester was then dissolved in MeOH and was treated with Pd/C (20%/wt) under hydrogen atmosphere, and the reaction mixture was stirred for 3 h till complete deprotection of both Z and Bn groups. Evaporation of MeOH in vacuo was followed by recrystallization of the residue with ether. ]. 23. General procedure for Ugi reaction: To a stirred solution of b-amino acid component 1a-e (15.0 mmol) in methanol (15 mL) at room temperature was added aldehyde (15.0 mmol) at once and stirred for 1 h to ensure imine formation. The isonitrile 2 (15.5 mmol) was added and the reaction was stirred at the same temperature for several hours (TLC analysis). After completion of the reaction, methanol was evaporated under reduced pressure and the crude product was dissolved in excess CH 2 Cl 2 (20.0 mL). Organic layer was washed with 5% Na 2 CO 3 (10 mL, two times), 10% citric acid (10 mL, two times), water (10 mL, two times) and brine (10 mL), and dried over anhydrous sodium sulfate. Solvent was removed under reduced pressure and the crude product was purified through column chromatography (silica gel 100-200 mesh size; CHCl 3 : MeOH system 9.5:0.5).
